Reproducibility of the Balance Evaluation Systems Test (BESTest) and the Mini-BESTest in school-aged children by Dewar, R. et al.
Accepted Manuscript
Title: Reproducibility of the Balance Evaluation Systems Test
(BESTest) and the Mini-BESTest in school-aged children
Authors: R. Dewar, A.P. Claus, K. Tucker, R. Ware, L.M.
Johnston
PII: S0966-6362(17)30124-8
DOI: http://dx.doi.org/doi:10.1016/j.gaitpost.2017.04.010
Reference: GAIPOS 5383
To appear in: Gait & Posture
Received date: 26-10-2016
Revised date: 3-4-2017
Accepted date: 5-4-2017
Please cite this article as: Dewar R, Claus AP, Tucker K, Ware R,
Johnston L.M.Reproducibility of the Balance Evaluation Systems Test
(BESTest) and the Mini-BESTest in school-aged children.Gait and Posture
http://dx.doi.org/10.1016/j.gaitpost.2017.04.010
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
 1 
Running Head:  Reproducibility of BESTest in children 
 
Reproducibility of the Balance Evaluation Systems Test (BESTest) and the Mini-
BESTest in school-aged children 
R Dewar BPhty (Hons)1, A P Claus PhD1, K Tucker PhD2,, R Ware PhD3,4, L M Johnston PhD1 
1 The University of Queensland, School of Health and Rehabilitation Sciences, Brisbane, Australia, 2 The 
University of Queensland, School of Biomedical Sciences, Brisbane, Australia, 3 Griffith University, 
Menzies Health Institute Queensland, 4The University of Queensland, Queensland Centre for Intellectual 
and Developmental Disability, Brisbane, Australia. 
 
Correspondence: Rosalee Dewar, School of Health and Rehabilitation Sciences, The 
University of Queensland, Brisbane QLD 4072, Australia. Phone: +61 7 3365 2791.  
Email: rosalee.sheather@uq.net.au 
 
 
 
 
 
 
 2 
HIGHLIGHTS 
 
 First to examine reproducibility of the Full-BESTest and Mini-BESTest in children 
 Both tests can discriminate postural control abilities in children  
 Both tests have the potential to measure change over time 
 The comprehensive Full-BESTest shows marginally better reproducibility  
 A modified version of the BESTest for kids is proposed (Kids-BESTest) 
 
Abstract 
This study evaluated the intra-rater, inter-rater and test-retest reproducibility of the Full-
BESTest and Mini-BESTest when assessing postural control in children. Thirty-four 
children aged 7-17 years participated in intra-rater and inter-rater evaluation, and 22 
children repeated assessment six weeks later for evaluation of test-retest reliability. 
Postural control was assessed using the Full Balance Evaluation Systems Test (Full-
BESTest) and the short-form Mini-BESTest. Intra-rater, inter-rater and test-retest 
reproducibility were examined using video assessment. Test-retest reproducibility was 
also assessed in real-time. Reproducibility was examined by agreement and reliability 
statistics. Agreement was calculated using percentage of agreement, Limits of 
Agreement and Smallest Detectable Change. Reliability was calculated using Intra-class 
Correlation Coefficients. Results showed that the reliability of Total Scores was 
excellent for the Full-BESTest for all conditions (all ICCs>0.82), whereas the Mini-
BESTest ranged from fair to excellent (ICC=0.56 to 0.86). Percentage of Domain 
Scores with good-excellent reliability (ICCs>0.60) was slightly higher for the Full-
BESTest (66%) compared to the Mini-BESTest (59%). Smallest Detectable Change 
scores were good to excellent for the Full-BESTest (2% to 6%) and for the Mini-
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BESTest (5% to 10%) relative to total test scores. Both the Full-BESTest and Mini-
BESTest can discriminate postural control abilities within and between days in school-
aged children. The Full-BESTest has slightly better reproducibility and a broader range 
of items, which could be the most useful version for treatment planning. We propose 
minor modifications are recommended to improve reproducibility for children, and 
indicate the modified version by the title Kids-BESTest. Future psychometric research 
is recommended for specific paediatric clinical populations. 
 
Keywords: Postural Control; Children; Reproducibility; BESTest; Mini-BESTest 
 
 
1. Introduction 
Postural control is commonly defined as the ability to control the body’s position in 
space for the purpose of postural orientation and postural stability [1]. Postural control 
depends on the integration of sensory, motor and cognitive systems [2], and deficits in 
postural control may result from impairments in any or all of these systems [3]. Deficits 
in postural control have been shown to contribute to activity limitations experienced by 
children with a wide range of conditions, for example: Cerebral Palsy [4], 
Developmental Coordination Disorder [5-7], Spina Bifida [8], Down syndrome [9], 
Autistic Spectrum Disorders [10], premature birth [11, 12] and sensorineural hearing 
loss [13]. However, each of these studies has examined only certain sub-components of 
postural control due to the lack of a comprehensive clinical assessment for children.  
 
Using children with neurological disorders as an example, it can be seen that it is 
clinically important to measure potential deficits in all systems involved in postural 
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control. For example, children with cerebral palsy have demonstrated deficits in 
anticipatory mechanisms (feedforward postural adjustments) [14-18], adaptive 
mechanisms (feedback postural adjustments) [3, 14, 19-21], musculoskeletal systems 
(muscle force and range of motion required for standing balance) [22] and sensory 
systems (visual and proprioceptive function required for balance) [23, 24]. This research 
illustrates well how one population can experience a broad range of postural control 
problems, and also that there is an absence of a comprehensive clinical assessment for 
children. Of the clinical assessments that exist to measure postural control impairments 
in children [25-27], none assess all systems involved in postural control [25, 28], and 
many have limited psychometric data [26, 28, 29]. Research on postural control deficits 
in multiple populations [9, 25, 27, 28, 30] flags the need to identify or develop a 
comprehensive assessment battery with associated normative data against which 
postural control function of children with disabilities can be measured. 
 
One existing assessment worthy of consideration for children is the Balance Evaluation 
Systems Test (BESTest), which is a comprehensive postural control test battery 
developed to evaluate impairments in adults with brain injury [31]. In adults, the 
original, or Full-BESTest, has been shown to assist in identifying specific balance 
deficits [32] and in measuring changes in postural control before and after intervention 
[33]. In children, one preliminary study involving children with CP has supported the 
potential use of the Full-BESTest with paediatric populations [34]. However, there is a 
need to establish psychometric data and clinical utility for children with and without 
disabilities before more widespread use [26, 28].  
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The Full-BESTest contains 36 items that identify and classify postural control deficits 
across six domains or systems of postural control: Biomechanical constraints, Stability 
Limits/Verticality, Transitions - Anticipatory Postural Adjustment, Reactive Postural 
Response, Sensory Orientation and Stability in Gait [31]. Items in each domain are 
scored from 0 (worst performance) to 3 (best performance) to yield a Total Score out of 
108 points. Domain scores can also be calculated. For situations where clinical time 
limits may exclude the use of the Full-BESTest (which requires 30 min), a short-form, 
or Mini-BESTest, has been developed with a subset of 14 items (which requires only 10-
15 min) [35]. In the Mini-BESTest each item is scored from 0 (worst performance) to 2 
(best performance) with a maximum of 28 points. A potential limitation of the Mini-
BESTest is that only 4 of the 6 domains are represented, Anticipatory Postural 
Adjustments, Reactive Postural Response, Sensory Orientation and Stability in Gait, to 
focus on the construct of ‘dynamic balance’ [36]; However it is still worthy of 
consideration as a potential screening tool for postural control impairment. 
 
This study examined the reproducibility of the Full-BESTest and the Mini-BESTest for 
assessing postural control in typically developing school-aged children. Reproducibility 
evaluates the degree to which repeated measurements provide similar results and 
includes two components: (i) agreement and (ii) reliability [37]. Agreement assesses 
how close the results of repeated measurements are, and the margins that represent real 
clinical change, as opposed to random measurement error [37]. Reliability assesses 
whether participants can be distinguished from each other on the basis of performance, 
despite measurement error [37]. Qualitatively, the process of performing the Full-
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BESTest and Mini-BESTest was also considered to determine which of the BESTest 
versions were feasible for use with children. 
 
2. Methods  
2.1 Study Design and Participants 
Intra-rater, inter-rater and test-retest reproducibility of the Full-BESTest and Mini-
BESTest were examined with typically developing school-aged children in June-July 
2015. Ethical approval was obtained from Human Research Ethics Committees of The 
University of Queensland (EC00179) and the Cerebral Palsy League (EC00417), in 
accordance with National Health and Medical Research Council’s (NHMRC) 
guidelines.  
Participants were volunteers sought from the community using flyers and newsletter 
advertisements. Children were eligible for inclusion if they had typical development and 
were aged between 7-18 years. Typical development was confirmed using the 
Bruininks-Oseretsky Test of Motor Proficiency, second Edition (BOT-2) short form. 
Participants were excluded if they: (i) achieved a percentile rank of ≤ 5% on the BOT-2, 
(ii) had another known medical or behavioural disorder that may impact results, or (iii) 
were born at < 36 weeks gestation. Individual information forms were provided to 
children and their guardians, along with verbal explanations of the protocol. All 
guardians signed consent forms and all children signed assent forms prior to 
participation. 
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2.2 Outcome measures 
The Full-BESTest was administered as per the original instructions published by Horak 
and colleagues in 2009 [31], except for minor modifications to instructions on a few 
items needed for these to be understood by children (Appendix 1). The Mini-BESTest 
was scored exactly as per the protocol described by Franchignoni and colleagues in 
2010 [35].  
 
2.3 Procedure 
Real time and video data collection was completed on Day 1 (n=34) and Day 2 (n=22) 
by the primary author (RD) who is a senior physiotherapist with 19 years of clinical 
experience in paediatrics and management of children with CP. The interval between 
assessments was 2-6 weeks. This enabled reproducibility evaluation from intra-rater 
(video, n=34) and test-retest (real time and video, n=22) perspectives. A second senior 
paediatric physiotherapist with 20 years of experience re-rated the Day 1 videos to 
enable calculation of inter-rater reproducibility (n=34). The second rater was not a study 
investigator and so was considered an independent examiner. To ensure assessment 
fidelity, both raters completed standardized online training via the BESTest website 
prior to performing data collection and/or extraction [38] and a video recording protocol 
was used for data collection (Appendix 2).  
 
2.4 Data Analysis  
Reproducibility (agreement and reliability) of Full-BESTest and Mini-BESTest ratings 
was examined under four conditions: (1) Day 1 intra-rater video (n=34); (2) Day 1 inter-
rater video (n=34); (3) Day 1 and 2 test-retest video (n=22) and (4) Day 1 and 2 test-
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retest in real-time (n=22). All parameters of reproducibility listed below were calculated 
for the Total Score and all Domain Scores for both the Full-BESTest (7 domains) and 
the Mini-BESTest (4 domains). 
 
Agreement analysis involved calculation of percentage of exact agreement (%EA), 
Standard Error of Measurement (SEM), Smallest Detectable Change (SDC) and Limits 
of Agreement (LoA). The %EA was calculated to indicate the percentage of scores that 
were the same between Day 1 and Day 2 assessments. A priori, the level of clinically 
suitable percentage agreement for the Full-BESTest was set at excellent if >90% within 
4 points, good if  >80% within 4 points, fair if >60% within 4 points or poor if <60% 
within 4 points. This agreement level was chosen to accommodate a minor and not 
clinically significant variation expected from this test, which has 37 items and a scoring 
range of 108 points. The a priori level of agreement set for the Mini-BESTest was set at 
excellent if >90% within 2 points, good if  >80% within 2 points, fair if >60% within 2 
points or poor if <60% within 2 points. This setting was lower to reflect the fewer items 
(n=14) and more narrow scoring range (28 points) of the Mini-BESTest. The SEM was 
calculated to indicate the measurement error of the BESTest and in turn this was used to 
calculate the SDC, which is the smallest change in score that will represent real change 
and not just measurement error [37]. The SDC was expressed as a percentage to 
facilitate comparison between domains and total scores with different ranges. For the 
purposes of this study, an a priori SDC of 0-5% was considered to be excellent 
agreement; >5-10% to be good, >10-15% to be fair and > 15% to be poor agreement. 
Finally, the LOA with 95% confidence interval was calculated to describe the range 
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within which similar scores were produced by different raters or the same rater on 
separate occasions. 
 
Reliability was calculated via Intra-class Correlation Coefficients (ICC) and 95% 
confidence intervals using analysis of variance models. The ICC values were interpreted 
according to recommended criteria [39] previously used in studies with children [40], 
whereby an ICC > 0.75 was considered to be excellent, 0.74 – 0.60 to be good, 0.59 – 
0.40 to be fair and < 0.4 to be poor. 
 
3. Results 
A total of 34 children who met the inclusion / exclusion criteria attended for initial 
assessment (Table 1). They were aged from 7 years 10 months to 17 years 6 months 
(mean 10 years 10 months; 56% male). Of these, 22 children returned for the repeat 
assessment (Table 1).  
3.1 Full-BESTest  
3.1.1  Intra-rater reproducibility (video assessment) 
Intra-rater reproducibility evaluation of the Full-BESTest showed excellent agreement 
(100% within 2 points, Table II) and excellent reliability (Total score ICC=0.96, 95% 
CI 0.93 to 0.99; Domains ICC = 0.80 to 0.90, Table III) for the Total Score and all 
Domains using video assessment. The SDC was excellent (2.2 points, 2%) indicating 
that children must improve by 3 points to demonstrate real change when examined by 
one examiner. 
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3.1.1 Inter-rater reproducibility (video assessment) 
The Full-BESTest Total Score showed excellent inter-rater agreement (>90% within 4 
points, Table II) and excellent reliability (ICC = 0.87, 95% CI 0.79 to 0.95) (Table III) 
using video-based assessment. The Domain Scores showed good agreement (88-100% 
within 2 points) and at least fair reliability for 4 domains (Table II). Two domains 
showed poor reliability, Sensory Orientation and Biomechanical Constraints, but 
excellent agreement (100% agreement within 2 points) due to ceiling effects that 
reduced ICC scores in both domains. The SDC for the Full-BESTest Total score was 
excellent (4 points, 4%) indicating that children must improve by 4 points to 
demonstrate real change when rated by different examiners. 
 
3.1.3 Test-retest reproducibility (real-time and video assessment)  
The Full-BESTest Total score showed slightly better test-retest agreement for video 
(64% within 2 points) compared to real-time assessment (54% within 2 points) (Table 
II). Reliability was excellent for both video (ICC = 0.84, 95% CI 0.72 to 0.96) and real-
time assessment (ICC = 0.82, 95% CI 0.69 to 0.96) (Table III). The Domain scores 
showed excellent agreement for video (91-100% within 2 points depending on mode) 
and for real-time assessment (86-100% within 2 points) (Table II). Three domains 
showed excellent reliability for video and three showed good-excellent reliability in 
real-time. Sensory Orientation showed poor reliability, but good agreement in real-time, 
again due to a ceiling effect. Reactive Postural Response showed the lowest agreement 
and poor reliability in both assessment modes due to variability of performance of 
children in some items in this section. The SDC was excellent for video (SDC=4.9, 5%) 
and good for real-time assessment (6.6, 6%), indicating that when scored using video on 
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two different occasions children must improve by 5 points on the 108-point scale to 
demonstrate real change.  
 
3.2 Mini-BESTest 
3.2.1 Intra-rater reproducibility (video assessment) 
The Mini-BESTest Total Score and all Domains showed excellent intra-rater agreement 
(100% within 2 points, Table IV) and the Total Score also showed excellent reliability 
(ICC 0.86, 95% CI 0.78 to 0.95, Table V) using video assessment. The domains showed 
good-excellent reliability. Sensory Orientation achieved perfect agreement and so an 
ICC could not be calculated. The SDC was good (1.50, 5%) indicating that children 
must improve 2 points to demonstrate real change when examined by one examiner. 
 
3.2.2 Inter-rater reproducibility (video assessment) 
The Mini-BESTest Total Score showed good inter-rater agreement (88% within 2 
points, Table IV) and fair reliability (ICC = 0.56, 95% CI 0.33 to 0.79) (Table V) using 
video-based assessment. The Domain scores showed good agreement (94-100% within 
2 points depending on mode, Table IV). Sensory Orientation demonstrated excellent 
agreement, but low reliability, again due to a ceiling effect with most children scoring 
full points. Reactive Postural Responses also showed the lowest agreement and low 
reliability. The SDC for the Mini-BESTest Total Score was good (2.7, 10%), which 
indicates that children must improve by 3 points to demonstrate real change when 
assessed by two examiners. 
 
3.2.3 Test-retest reproducibility (real-time and video assessment) 
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The Mini-BESTest Total Score showed slightly better test-retest agreement for real-
time (100% within 2 points) than video assessment (91% within 2 points) (Table IV). 
Reliability was excellent for real-time (ICC = 0.84, 95% CI 0.72 to 0.96) and good for 
video assessment (ICC = 0.74, 95% CI 0.55 to 0.93) (Table V). The Domain scores 
showed excellent agreement for both real-time (both modes 100% within 2 points) and 
video assessment (91-100% within 2 points, Table IV). When assessed in real-time 
three domains showed good-excellent reliability, except for Sensory Orientation, which 
demonstrated a ceiling effect as noted previously. When assessed using video, one 
domain showed excellent reliability and the remaining three domains demonstrated poor 
reliability. The SDC was excellent for real-time (SDC 1.3, 5%) and good for video 
assessment (SDC 2.4, 9%), indicating children must improve by 2 points on the 28-
point scale to demonstrate real change when assessed in real-time on different days. 
 
 
 
4. Discussion  
This study was the first to examine the reproducibility of the Full-BESTest and the 
Mini-BESTest postural control test batteries for school-aged children with typical 
development. Results showed that both test versions can discriminate postural control 
abilities in typically developing children and both have the potential to measure change 
over time, but the Full-BESTest has important advantages.  
 
Our results suggest that although both BESTest versions can discriminate postural 
control abilities in typically developing children, the Full-BESTest (ICCs = 0.82 to 
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0.96) may show slightly superior reliability compared to the Mini-BESTest (ICCs = 
0.56 to 0.86)). Studies in healthy adults mirror this finding with higher reliability for the 
Full-BESTest  (ICC=0.77 to 0.86) compared to the Mini-BESTest (ICC=0.71 to 0.73) 
[41]. Similar results were found in adults with neurological conditions on the Full-
BESTest (ICC=0.88-0.99) [42, 43],[31] compared to the Mini-BESTest (ICC range 
0.72- 0.99) [44]. Based on these findings, the Full-BESTest is recommended to 
distinguish different stages of postural control development in typical children. Further 
research is recommended to establish reliability for children with motor impairments.  
 
Both BESTest versions showed good to excellent test agreement over days, which 
provides a good basis for detecting changes in postural control over time. Smallest 
detectable changes across days were good-excellent for both the Full-BESTest (5-6%) 
and Mini-BESTest (5-9%) for real-time and video ratings. This data is better than that 
previously reported for healthy older adults using the Full-BESTest (real time 
assessment SDC = 8%)[41] and the Mini-BESTest (systematic review results ranging 
from 10.7% to 14.6%) [44]. So, both test versions may be considered appropriate to 
monitor postural control development in children over time. The Full-BESTest and 
Mini-BESTest may also be appropriate tools for measuring responsiveness to 
intervention, however first, pre-post intervention research in specific paediatric 
populations is recommended as has been conducted for adults participating in stroke 
rehabilitation [33].  
 
For treatment purposes, it is important to know the reliability of the six postural control 
domains assessed by the Full-BESTest and the four assessed by the Mini-BESTest. 
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Test-retest reliability was fair to excellent for all Full-BESTest domains (ICCs >0.47), 
except for Reactive Postural Responses (ICC= 0.28 video and real-time) and Sensory 
Orientation domains (ICC= 0.30 real-time). For the Sensory Orientation domain, low 
reliability was due to a ceiling effect, where most children scored 100% on both 
occasions . Although this high level of sensory function is expected for children older 
than seven years [3], this ceiling effect may not be an issue for children with motor 
disorders. Adults with neurological impairments are known not to demonstrate a ceiling 
effect, with performance variability producing excellent reliability (ICCs >0.79) [31] 
[43]. The Reactive Postural Responses domain did not reach a ceiling effect, rather 
children did show more variability on this item between days. Some items in this 
domain may need minor modifications to improve reliability in children. 
 
 
4.1 Strengths, limitations and future directions for research 
The results of this study support the preferential use of the Full-BESTest over the Mini-
BEStest when working with children. Ideally, scoring would be performed by video 
following real-time administration of the test. There may be some minor modifications 
needed to improve reproducibility when applying the test with children since the 
original test versions were designed for adults. For example, in the 6-item Reactive 
Postural Response domain, the “in-place response forward” item (number 14) and “in-
place response backward” item (number 15) demonstrated the worst agreement in most 
test conditions. Both items required the child to hold a position against resistance and 
then react to the postural disturbance when released unpredictably. This was difficult for 
several children to perform. Re-analysis after adjusting the level of difficulty for the 
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highest rating on these two items improved agreement from fair to excellent (Appendix 
3). We propose this slightly modified version of the BESTest be termed the Kids-
BESTest, suitable for children aged 8-14 years. All suggested changes to the Full-
BESTest to form the Kids-BESTest have been indicated using highlighting in Appendix 
3. A reformatted and print ready copy of the Kids-BESTest is contained in Appendix 4. 
Further research on reliability of the Kids-BESTest in a range of clinical groups is 
needed. 
 
 
5. Conclusion 
This study was the first to examine the reproducibility of the Full-BESTest and Mini-
BESTest for typically developing children. Results showed that both test versions can 
discriminate postural control abilities in children with typical development, and are both 
potentially able to demonstrate change in postural control function between days. The 
Full-BESTest is the most comprehensive test version and it appears to show marginally 
better reproducibility than the Mini-BESTest, therefore it may be the optimal version 
when working with children. However, further psychometric research is required to 
confirm this with clinical paediatric populations. 
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Table I. Summary of participant characteristics 
  Day 1 
Intra-rater video 
Inter-rater video 
 Day 2 
Test-retest real-time 
Test-retest video 
 (n)  34  22 
Male, n(%)  19 (56%)  10 (45%) 
Age, mean (SD)  10.8 (2.2) years  10.9 (1.6) years 
Body mass index, mean (SD)  16.4 (3.7)  16.7 (4.2) 
Height, mean (SD)  149.2 (13.4) cm  149.0 (13.3) cm 
Weight, mean (SD)  37.3 (14) kg  38.1 (16) kg 
BOT-2* % rank, mean (SD)  52 (25) percentile  52 (24) percentile 
BOT-2, Bruininks-Oseretsky Test of Motor Proficiency, second Edition 
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Table II. Agreement of the Full-BESTest  
 
Full-BESTest 
 
Increment 
(Range) 
Agreement (%) SEM   SDC(%)* 95% CI for 
LOA  
Exact 
1  
point 
2  
points 
 
1. Intra-rater agreement (n= 34, video 1, one assessor) 
Biomechanical Constraints 1 (0-15) 85 97 100  0.35 1.0 (7%) -1.0 to 1.1 
Stability Limits and Verticality 1 (0-21) 91 97 100  0.29 0.8 (4%) -0.7 to 1.0 
Transitions/Anticipatory 1 (0-18) 50 91 100  0.63 1.8 (10%) -1.9 to 1.9 
Reactive 1 (0-18) 74 97 100  0.41 1.1 (6%) -1.0 to 1.4 
Sensory Orientation 1 (0-15) 88 100 100  0.24 0.7 (5%) -0.8 to 0.7 
Stability in Gait 1 (0-21) 62 94 100  0.52 1.4 (7%) -1.7 to 1.3 
Total score 1 (0-108) 20 79 100  0.81 2.2 (2%) -2.3 to 2.5 
2. Inter-rater agreement (n=34, video 1, two assessors)  
Biomechanical Constraints 1 (0-15) 56 85 100  0.67 1.9 (13%) -2.1 to 1.9 
Stability Limits and Verticality 1 (0-21) 74 79 100  0.66 1.8 (9%) -1.8 to 2.1 
Transitions/Anticipatory 1 (0-18) 53 97 97  0.58 1.6 (9%) -2.0 to 1.5 
Reactive 1 (0-18) 50 82 88  0.85 2.3 (13%) -1.9 to 3.2 
Sensory Orientation 1 (0-15) 62 97 100  0.42 1.2 (8%) -1.6 to 0.9 
Stability in Gait 1 (0-21) 41 76 94  0.94 2.6 (12%) -3.0 to 2.5 
Total score 1 (0-108) 24 50 82#  1.45 4.0 (4%) -4.4 to 4.1 
3. Test-retest agreement (n=22, video 1 and 2, one assessor)  
Biomechanical Constraints 1 (0-15) 64 95 95  0.62 1.7 (12%) -1.7 to 1.9 
Stability Limits and Verticality 1 (0-21) 95 95 100  0.30 0.8 (4%) -1.0 to 0.8 
Transitions/Anticipatory 1 (0-18) 36 73 100  0.87 2.4 (13%) -2.5 to 2.7 
Reactive 1 (0-18) 27 68 91  1.44 4.0 (22%) -4.2 to 4.3 
Sensory Orientation 1 (0-15) 59 100 100  0.45 1.3 (9%) -1.2 to 1.2 
Stability in Gait 1 (0-21) 63 95 100  0.83 2.3 (11%) -2.6 to 2.3 
Total score 1 (0-108) 14 36 64#  1.77 4.9 (5%) -5.4 to 5.1  
4. Test-retest agreement (n= 22, real-time, one assessor)  
Biomechanical Constraints 1 (0-15) 81 100 100  0.30 0.8 (5%) -1.0 to 0.8 
Stability Limits and Verticality 1 (0-21) 54 77 100  0.77 2.1 (10%) -2.2 to 2.1 
Transitions/Anticipatory 1 (0-18) 54 77 100  0.75 2.1 (12%) -1.9 to 2.5  
Reactive 1 (0-18) 18 59 86  1.63 4.5 (25%) -4.3 to 5.3 
Sensory Orientation 1 (0-15) 59 91 100  0.59 1.6 (11%) -1.9 to 1.6 
Stability in Gait 1 (0-21) 36 68 95  0.99 2.8 (13%) -2.4 to 3.4 
Total score 1 (0-108) 18 36 54  2.38 6.6 (6%)  -5.6 to 8.1 
SEM, standard error of the mean; SDC, smallest detectable change; CI, confidence interval; LOA, 
limits of agreement;* SDC is expressed as a percentage of the Total score or domain score to 
allow comparison of scores with different ranges;# 90% or more of scores agreed within 4 points. 
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Table III. Reliability of the Full-BESTest  
Full-BESTest ICC 95% CI 
1. Intra-rater reliability (n=34, video 1, one assessor) 
Biomechanical Constraints 0.84 0.74 to 0.99 
Stability Limits and Verticality 0.88 0.81 to 0.96 
Transitions/Anticipatory 0.80 0.67 to 0.92 
Reactive 0.90 0.83 t0 0.96 
Sensory Orientation 0.84 0.74 to 0.94 
Stability in Gait 0.82 0.70 to 0.93 
Total score 0.96 0.93 to 0.99 
2. Inter-rater reliability (n= 34, video 1, two assessor)    
Biomechanical Constraints 0.30 0.00 to 0.61 
Stability Limits and Verticality 0.52 0.27 to 0.76 
Transitions/Anticipatory 0.83 0.72 to 0.94 
Reactive 0.65 0.45 to 0.84 
Sensory Orientation 0.22 0.00 to 0.54 
Stability in Gait 0.66 0.39 to 0.82 
Total score 0.87 0.79 to 0.95 
3. Test-retest reliability (n=22, video 1 and 2, one assessor) 
Biomechanical Constraints 0.61 0.35 to 0.88 
Stability Limits and Verticality 0.80 0.65 to 0.95 
Transitions/Anticipatory 0.68  0.46 to 0.91 
Reactive 0.28 0.00 to 0.67 
Sensory Orientation 0.47 0.14 to 0.80 
Stability in Gait 0.72 0.52 to 0.93 
Total score 0.84 0.72 to 0.96 
4. Test-retest reliability (n= 22, real-time, one assessor) 
Biomechanical Constraints 0.82 0.68 to 0.96 
Stability Limits and Verticality 0.45 0.12 to 0.79 
Transitions/Anticipatory 0.78 0.62 to 0.95 
Reactive 0.34 0.00 to 0.72 
Sensory Orientation 0.30 0.00 to 0.68 
Stability in Gait 0.76 0.58 to 0.94 
Total score 0.82 0.69 to 0.96 
ICC, Intra-class correlation coefficient; CI, Confidence Interval. 
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Table IV. Agreement of the Mini-BESTest 
 
Mini-BESTest 
 
Increment 
(Range) 
Agreement (%) SEM   SDC (%)* 95% CI of LOA  
(95% CI) 
Exact 
1  
point 
2  
points 
 
1. Intra-rater agreement (n=34, video 1, one assessor) 
Transitions/Anticipatory 1 (0-6) 74 100 100  0.37 1.0 (17%) -1.1 to 1.1 
Reactive 1 (0-6) 82 100 100  0.29 0.8 (13%) -0.7 to 1.0 
Sensory Orientation 1 (0-6) 100 100 100  0  0 0 
Stability in Gait 1 (0-10) 71 97 100  0.45 1.3 (13%) -1.3 to 1.3 
Total score 1 (0-28) 50 97 100  0.54 1.5 (5%) -1.4 to 1.8 
2. Inter-rater agreement (n=34, video 1, two assessors)  
Transitions/Anticipatory 1 (0-6) 71 100 100  0.38 1.1 (18%) -1.0 to 1.2 
Reactive 1 (0-6) 62 85 94  0.63 1.7 (29%) -1.3 to 2.4 
Sensory Orientation 1 (0-6) 94 100 100  0.17 0.5 (8%) -0.4 to 0.6  
Stability in Gait 1 (0-10) 56 91 100  0.60 1.7 (17%) -1.8 to 1.8 
Total score 1 (0-28) 35 68 88  0.96 2.7 (10%) -2.1 to 3.6 
3. Test-retest agreement (n=22, video 1 and 2, one assessor)  
Transitions/Anticipatory 1 (0-6) 55 91 95  0.62 1.7 (29%) -1.7 to 1.9 
Reactive 1 (0-6) 55 95 100  0.55 1.5 (25%) -1.7 to 1.6 
Sensory Orientation 1 (0-6) 100 100 100  0 0  0 
Stability in Gait 1 (0-10) 63 95 100  0.50 1.4 (14%) -1.6 to 1.3 
Total score 1 (0-28) 32 91 91  0.86 2.4 (9%) -2.7 to 2.4 
4. Test-retest agreement (n=22, real-time, one assessor)  
Transitions/Anticipatory 1 (0-6) 59 100 100  0.45 1.3 (21%) -1.5 to 1.2 
Reactive 1 (0-6) 68 95 100  0.47 1.3 (22%) -1.6 to 1.2 
Sensory Orientation 1 (0-6) 95 100 100  0.15 0.4 (7%) -0.5 to 0.4 
Stability in Gait 1 (0-10) 41 95 100  0.67 1.9 (19%)  -1.7 to 2.3 
Total score 1 (0-28) 23 63 100  0.47 1.3 (5%) -3.0 to 2.9 
SEM: standard error of the mean, SDC: smallest detectable change, CI: confidence interval,    
LOA: limits of agreement, * SDC is expressed as a percentage of the Total score or domain score 
to allow comparison of scores with different ranges 
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Table V. Reliability of the Mini-BESTest 
Mini-BESTest ICC 95% CI 
1. Intra-rater reliability (n=34, video 1, one assessor) 
Transitions/Anticipatory 0.67 0.48 to 0.86 
Reactive 0.79  0.66 to 0.92 
Sensory Orientation - - 
Stability in Gait 0.80 0.67 to 0.92 
Total score 0.86 0.78 to 0.95 
2. Inter-rater reliability (n=34, video 1, two assessor)    
Transitions/Anticipatory 0.64 0.44 to 0.84 
Reactive 0.26 0.00 to 0.58 
Sensory Orientation 0.00 0.00 to 0.34 
Stability in Gait 0.66 0.47 to 0.85 
Total score 0.56 0.33 to 0.79 
3. Test-retest reliability (n=22, video 1 and 2, one assessor) 
Transitions/Anticipatory 0.23 0.00 to 0.63 
Reactive 0.12 0.00 to 0.54 
Sensory Orientation - - 
Stability in Gait 0.81 0.67 to 0.96 
Total score 0.74 0.55 to 0.93 
4. Test-retest reliability (n=22, real-time, one assessor) 
Transitions/Anticipatory 0.60 0.32 to 0.87 
Reactive 0.61 0.35 to 0.88 
Sensory Orientation 0.00 0.00 to 0.42 
Stability in Gait 0.80 0.64 to 0.95 
Total score 0.84 0.72 to 0.96 
ICC, Intra-class correlation coefficient; CI, Confidence Interval. 
 
 
